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POLYMOBPHlSWBWtHIN THE RSK-5 OENE RELATE ^ CANQK AND METHODS OF DIAGNOSIS, PROGNO- 
SIS. AND TREATMENT 

Tte present — rda.es to cancer and in particntar . ovarian cancer. 

3 cancer is a serions disease and a major AUhongh there nave been 

„ in me diagnosis and treatment of cernin cancers in recen, years, 
toe is soli a need for improvements in diagnosis and treatment. 

Cancer is a geneiic disease and in most cases involves motions in one or 
ml gene, There are beheved to be atom* 200,000 genes in me hnman 

m cancer. Although il is surmised that many more genes than nave been 

„ m remained siow despile the avauabnity of molecular analytical 
, s ^es. Tbismaybedneromevarieds^cmreandnmccionofgenes 
wMch have been identified to date which snggests mat cancer genes can 
Bta many forms and have many different functions. 

Ovarian cancer is the most frequent cause of death from gynaecological 
M malignancies in me Wesmm World, with an incidence of 5.000 new cases 
^ vea, in England and Wales. It is the four* most common canse of 
***** * A— — ■ The majority of patiems w* 
Z~ ovarian cancer present at an advanced stage of the disease^ 
Consennenuy, me 5 year survival rate is only 30% after ade q na.e surgery 
a chemotherapy despite nrc introdnction of new dmgs sncb as pUunmn 
and taao. (Advanced Ovarian Cancer TriaUsts Gronp (199.) BMJ ». 
884-893- <ta* (1995) Semn Oncol 22, 6.-66). However, patients who 
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have stage I disease (confined to the ovaries) do better with the 5 year 
survival rate being 70%. It is therefore desirable to have techniques to 
detect the cancer before metastasis to have a significant impact on 
survival. 

' Epithelial ovarian cancer constim.es 70-80% of ovarian cancer and 
e^mpasses a broad spectrum of lesions, ranging from localized bemgn 
„ and neoplasms of borderline malignant potential to mvastve 
adenocarcinomas. Histologically, me common epithelial ovarian cancers, 
,„ are classified into several types, that is, serons. mncinous, endometrioid, 
dear cell Brenner, mixed epithelial, and undifferentiated tumours. The 
heterogeneity of histological subtypes reflects the metaplastic potential of 
ft. ovarian surface Mullerian epithelium which shares a common 
ecological origin with the peritoneum and Ore res. of the uro-gernul 
15 system Germ cell, sex eord/sttomal tumours and sarcomas represent the 
re^Mer of ovarian cancers. The histogenesis and biologteal 
characteristic, of epimelial ovarian cancer are poorly understood as are the 
molecular genetic alterations mat may contribute » tire development of 
«fc tumonrs or their progression. Epidemiological factors related to 
» ovulation seem to be important, whereby ovarian epimelial celis undergo 
^eral rounds of division and proliferative growth to heal the wound m 
te epithelial surface. These lead to the development of epithelral 
fusion cyste and frank malignant tumours may arise from (hem 
(Fathalla (1971) Lancet 2. 163). 

Genetic changes in me mmonr are critical for the development of cancer. 
Many chromosomal regions (chromosomes 3, 5, 6, 8, 11, 13, 17. 18. 22, 
and X) have been implicated to contain mmonr suppressor genes involved 
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ta — progression of sporadic ovarian cancer, Put ord, the P 53 gene 
(ebromosome arm 17p) has been found » be frequendy mutated (Shelfing 
« al (1995) Br. J. Cancer 72, 521-527). Tbe BRCA1 gene (chromosome 
„,„ 17 q) and tbe BRCA2 gene (chromosome arm 130 isolated in !994 
^ ,996 respectively, are mutated in a proportion of patients w.m 
fcnmial brenst/ovarian cancer (Ford * Easton (1995, Br. J. Cancer 72, 
805 812) Familial ovarian cancer only accounts for 5-10% of all ovanan 
nnnours. in tumours from patients v,im sporadic ovarian cancer, only five 
stations in the BRCA1 gene and four in me BRCA2 gene have been 
„ repormdCratobasm"^ OmcerRes. 55, 2998-3002; Takabashi * 
al (1996) Cancer Res. 56, 2738-274!) suggesting that they are rare m 
sporadic ovarian cancer. Mutations in the mismatch repair genes have 
keen rented a. a fluency of 10% (Tangi . al (1996) Cancer Res. 56 
2501-2505; Fujita m al (1995) Int. J. Oncer 64, 361-366; Orth e, al 
15 (199 4) Proc. mi. Acaa. Set. VSA 91. 9495-9499). Thus genes tat may 
be m ore critical in tumour progression in sporadic ovarian cancer have no. 
yet been fully characterised. 

Cbromosome 6 has been implicated to contain a putative tumour 
20 pressor gene important in the pathogenesis of ovarian W 
k^otypic analysis and allele loss amdiea (Shelling e, al (1995, Br J. 
Cancer 72, 521-527; Katso er al (1997, Cancer & MeKrsmsis Rev. 16, 81- 
10 7- Saito e, al (1996) Cancer Res. 56, 5586-5589). The analysis of 70 
naUgnnnt ovarian tumours using cosmids mapping to chromosomal arm 
B 6, and RFLPs (restriction fragment length polymorphisms) to detect LOH 
floss of heterozygosity) initially defined the minimal region of allele loss 
between D6S149 and D6S193 (1.9cM) in one tumour (Saito el al (1992) 
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Cancer Res. 52, 5815-5817) (Fig. 1). A further two studies have shown 
increased frequency of allele loss on 6q around the same region, though a 
minimal region was not defined (Wan et al (1994) Int. J. Oncol. 5, 1043- 
1048; Orphanos et al (1995) Br. J. Cancer 71, 666-669). Based on 
analysis of 56 malignant ovarian tumours it was shown previously that the 
minimal region of allele loss on 6q27 is between D6S297 and D6S264 
(3cM) (Fig. 1). The maximal frequency of allele loss occurred at D6S193 
(62%) and D6S297 (52%). Three tumours showed loss of D6S193 only, 
while retaining flanking markers. The allele loss was observed in all types 
of epithelial ovarian cancer (Cooke et al (1996) Genes, Chromosomes & 
Cancer 15, 223-233). 



The following papers also refer to LOH at chromosome 6q 27: Tibiletti et 
al (1996) Cancer Res. 56, 4493-4498; Foulker et al (1993) Br J. Cancer 
67, 551-559; Banga et al (1997) Oncogene 14, 313-321; and Orphanos et 
al (1995) Br J. Cancer 71, 290-293. 

WO 96/05306, WO 96/05307 and WO 96/05308 relate to methods and 
materials used to isolate and detect a human breast and ovarian cancer 
predisposing gene (BRCA1), some mutant alleles of which are alleged to 
cause susceptibility to cancer, in particular breast and ovarian cancer. 

Surprisingly, out of the plethora of genes in the genome, it has now been 
found that the p90 ribosomal S6 kinase-3 gene (Rsk-3), which lies outside 
of the minimal region identified previously, j s frequently mutated in 
sporadic epithelial ovarian cancer, particularly in malignant and borderline 
epithelial ovarian tumours, and it is believed that it is this gene which is 
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involved in ovarian cancer. As is described in more detail below, Rsk-3 is 
related to two other genes, Rsk-1 and Rsk-2, neither of which have been 
implicated in cancer. Certain mutations in malignant ovarian cancer cell 
lines renders the kinase constitutively active. Mutations in p90 ribosomal 
S6 kinase-3 (Rsk-3) may represent one of the earliest genetic events in the 
development of ovarian cancer and, therefore, it may be particularly 
important to identify changes in this gene. 

A first aspect of the invention provides a method for determining the 
susceptibility of a patient to cancer comprising the steps of (i) obtaining a 
sample cortfaining nucleic acid from the patient; and (ii) contacting the 
said nucleic acid with a nucleic acid which hybridises selectively to the 
Rsk-3 gene, or a mutant allele thereof, or a nucleic acid which hybridises 
selectively to Rsk-3 cDNA, or a mutant allele thereof, or their 
complement. 

A second aspect of the invention provides a method of diagnosing cancer 
in a patient comprising the steps of (i) obtaining a sample containing 
nucleic acid from the patient; and (ii) contacting the said nucleic acid with 
a nucleic acid which hybridises selectively to the Rsk-3 gene, or a mutant 
allele thereof, or a nucleic acid which hybridises selectively to Rsk-3 
cDNA, or a mutant allele thereof, or their complement. 

A third aspect of the invention provides a method of predicting the relative 
prospects of a particular outcome of a cancer in a patient comprising the 
steps of (i) obtaining a sample containing nucleic acid from the patient; 
and (ii) contacting the said nucleic acid with a nucleic acid which 
hybridises selectively to the Rsk-3 gene, or a mutant allele thereof, or a 
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nucleic acid which hybridises selectively to Rsk-3 cDNA, or a 
allele thereof, or their complement. 



The Rsk-3 gene is located within the two, overlapping Pl-artificial 
chromosome (PAC) clones 168L15 and 427A4. These PACs overlap as 
judged by "fingerprinting 1 ' with restriction enzymes. Both of these PACs 
are publicly available from the Human Genome Mapping Resource 
Centre, Hinxton Hall, Hinxton, Cambridgeshire CB10 IRQ, UK or the 
Sanger Centre, Wellcome Trust Genome Campus, Hinxton Hall, Hinxton, 
Cambridge CB10 ISA, UK, and the Rothwell Park Cancer Institute,' 
Human Genetics Department, Elm and Carlton Streets, Buffalo, New 
York, 14263-0001, USA. PAC clone 427A4 is from the RPCI3 human 
PAC library (human, male). PAC clone 168L15 is from the RPCI-1 
library (human, male). PAC clone 168L15 has been deposited under the 
Budapest Treaty at the National Collections of Industrial and Marine 
Bacteria Limited, 23 St Machar Drive, Aberdeen, AB24 3RY, Scotland, 
UK under accession number NCIMB 40914 as an Escherichia coU clone. 

Although PAC clone 497J21 does not contain any of Rsk-3's exons, it 
may contain certain regulatory regions of the Rsk-3 gene. PAC 497J21 is 
available from the Human Genome Mapping Resource Centre, as above. 

The complete nucleotide sequence of all of the PAC clones is publicly 
available from the GenBank/EMBL databank. The sequence in PAC 
clone 427A4 is held under Accession No Z98049. The sequence of PAC 
clone 168L15 is held under Accession No AL022069. The sequence of 
PAC clone 497J21 is held under Accession No AL023775 (see Figure 16). 
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It will readily be appreciated by the skilled person that the Rsk-3 gene or 
parts thereof may readily be obtained from other suable human gene 
libraries, such as standard cosmid, or yeast artificial chromosome (YAC) 
or Pi-artificial chromosome (PAC) libraries using the aforementioned 
PAC clones, or fragments thereof, as probes. Similarly, an Rsk-3 cDNA 
may be used as a probe to identify all or pans of the Rsk-3 gene. 

An Rsk-3 cDNA is described in Zhao * al (1995) MoL Cell Biol 15 
4353-4363, incorporated herein by reference, and this cDNA sequence is 
publicly available from the EMBL Genbank data library under Accession 
No X85106. This sequence is also shown in Figure 6. In any event an 
**-3 cDNA may be readily obtained from a human cDNA library using 
well known techniques and portions of the PAC clones 168L15 or 427A4 
or portions of the Rsk-3 cDNA sequence shown in Figure 6, as a probe' 
A suitable human cDNA Horary is one prepared from mRNA isolated 
from a human ovary or human ovarian tissue or from a human ovarian cell 
hne. Once an Rsk-3 cDNA or gene or fragment thereof has been 
Klentified as said, its nucleotide sequence may readily be determined for 
example using Sanger dideoxy sequencing or other methods well known in 
the an. 



» wil] be appreciated <and as is described in more deiaii in the Examples) 
Rsk-3 gene may exist as a "wud-typ e - gene or it my exis , as 
mutant aileles which differ in sequence <o me wttd-type gme . By 
alleles" is included no, only sequences which lead to changes in fencdon 
or expression of me Rsk-3 p „ lypcptide , ta ^ ^ 
polymorphisms) which have no or onjy minor effect on the taction or 
expression of the Rsk-3 po ly peptide. Thus, the nudeic acids which 
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selectively hybridise in the methods of the invention include those that 
selectively hybridise to the wild-type Rsk-3 gene sequence or to the wild- 
type Rsk-3 cDNA sequence (or mRNA sequence) as well as those which 
selectively hybridise to mutant alleles thereof. Also, it will readily be 
appreciated that, as is described in more detail herein, the skilled person 
can readily identify mutant alleles of the Rsk-3 gene and polymorphisms 
thereof. By "change in expression of the Rsk-3 polypeptide" is included 
any changes in the Rsk-3 gene which lead to changes in expression of the 
Rsk-3 polypeptide. For example, changes in the transcription of the Rsk-3 
gene will lead to changes in the expression of the Rsk-3 polypeptide. 
Similarly, changes in the translation of Rsk-3 mRNA will lead to changes 
in the expression of the Rsk-3 polypeptide. 

Changes in the function of the Rsk-3 polypeptide include, but are not 
limited to, changes in enzyme activity (such as I^orig, changes in 
substrate specificity and changes which alter the response by Rsk-3 to 
proteins which regulate its function. 

It will be appreciated that the nucleic acids which are useful in the method 
of the invention may readily be defined as those which selectively 
hybridise to the human-derived DNA of PAC clone 168L15 or PAC clone 
427A4, or which selectively hybridise to Rsk-3 cDNA, or a mutant allele 
thereof, or their complement. In addition, the methods of the invention 
include the use of a nucleic acid which selectively hybridises to the Rsk-3 
gene or cDNA, or mutant alleles thereof whatever the source of the gene 
or cDNA. 
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By "selectively hybridising" is meant that the nucleic acid has sufficient 
nucleotide sequence similarity with the said human DNA or cDNA that it 
can hybridise under moderately or highly stringent conditions. As is well 
known in the art, the stringency of nucleic acid hybridization depends on 
5 factors such as length of nucleic acid over which hybridisation occurs, 
degree of identity of the hybridizing sequences and on factors such as 
temperature, ionic strength and CG or AT content of the sequence. Thus, 
any nucleic acid which is capable of selectively hybridising as said is 
useful in the practice of the invention. 

10 

Nucleic acids which can selectively hybridise to the said human DNA or 
cDNA include nucleic acids which have >95% sequence identity, 
preferably those with >98%, more preferably those with >99% sequence 
identity, over at least a portion of the nucleic acid with the said human 

is DNA or cDNA. As is well known, human genes usually contain introns 
such that, for example, a mRNA or cDNA derived from a gene within the 
said human DNA would not match perfectly along its entire length with 
the said human DNA but would nevertheless be a nucleic acid capable of 
selectively hybridising to the said human DNA. Thus, the invention 

20 specifically includes nucleic acids which selectively hybridise to an Rsk-3 
cDNA but may not hybridise to an Rsk-3 gene, or vice versa. For 
example, nucleic acids which span the intron-exon boundaries of the Rsk-3 
gene may not be able to selectively hybridise to the Rsk-3 cDNA. 

25 Typical moderately or highly stringent hybridisation conditions which lead 
to selective hybridisation are known in the art, for example those 
described in Molecular Cloning, a laboratory manual, 2nd edition, 
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Sambrook el al (eds), Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, USA, incorporated herein by reference. 

An example of a typical hybridisation solution when a nucleic acid is 
immobilised on a nylon membrane and the probe nucleic acid is * 500 
bases or base pairs is: 

6 x SSC (saline sodium citrate) 

0.5% sodium dodecyl sulphate (SDS) 

100 |ig/ml denatured, fragmented salmon sperm DNA 

The hybridisation is performed at 68°C. The nylon membrane, with the 
nucleic acid immobilised, may be washed at 68°C in 1 x SSC or, for high 
stringency, 0. 1 x SSC. 

20 x SSC may be prepared in the following way. Dissolve 175.3 g of 
NaCl and 88.2 g of sodium citrate in 800 ml of H 3 0. Adjust the pH to 
7.0 with a few drops of a 10 N solution of NaOH. Adjust the volume to 1 
litre with H 2 0. Dispense into aliquots. Sterilize by autoclaving. 

An example of a typical hybridisation solution when a nucleic acid is 
immobilised on a nylon membrane and the probe is an oligonucleotide of 
between 15 and 50 bases is: 

3.0 M trhnethylammonium chloride (TMAC1) 
0.01 M sodium phosphate (pH 6.8) 
1 mm EDTA (pH 7.6) 
0.5% SDS 



5/15/2008, EAST Version: 2.2.1.0 



PCT/GB98/03887 



100 u.g/ml denatured, fragmented salmon sperm DNA 
0.1% nonfat dried milk 

The optimal temperature for hybridization is usually chosen to be 5X 
below the T, for the given chain length. T, is the irreversible melting 
temperature of the hybrid formed between the probe and its target 
sequence. Jacobs et al (1988) Nad. Acids Res. 16, 4637 discusses the 
determination of T iS . The recommended hybridization temperature for 17- 
mers in 3 M TMAC1 is 48-50°C; for 19-mers, it is 55-57°C; and for 20- 
mers, it is 58-66°C. 

By "nucleic acid which selectively hybridises" is also included nucleic 
acids which will amplify DNA from the said region of human DNA by 
any of the well known amplification systems such as those described in 
more detail below, in particular the polymerase chain reaction (PCR). 
Suitable conditions for PCR amplification include amplification in a 
suitable 1 x amplification buffer: 

10 x amplification buffer is 500 mM KG; 100 mM Tris.Cl (pH 8.3 at 
room temperature); 15 mM MgCl 2 ; 0. 1 % gdatin. 

A suitable denaturing agent or procedure (such as heating to 95 °C) is used 
in order to separate the strands of double-stranded DNA. 

Suitably, the annealing part of the amplification is between 37°C and 
60°C, preferably 50°C. 
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Although the nucleic acid which is useful in the methods of the invention 
may be RNA or DNA, DNA is preferred. Although the nucleic acid 
which is useful in the methods of the invention may be double-stranded or 
single-stranded, single-stranded nucleic acid is preferred under some 
circumstances such as in nucleic acid amplification reactions. 

The nucleic acid which is useful in the methods of the invention may be 
very large, such as 100 kb, if it is double stranded. For example, such 
large nucleic acids are useful as a template for making probes for use in 
FISH (fluorescence in situ hybridization) analysis. Typically, the labelled 
probes used in FISH are generally made by nick-translation or random 
priming from a genomic clone (such as an insert in a suitable PAC clone). 
Once made these probes are around 50-1000 nucleotides in length. The 
human DNA insert of PAC clone 427A4, which may be a useful probe in 
its own right, is 149 kb but is more preferably used as a template for nick- 
translation or random primer extension as described above. However, for 
certain diagnostic, probing or amplifying purposes, it is preferred if the 
nucleic acid has fewer than 10 000, more preferably fewer than 1000, 
more preferably still from 10 to 100, and in further preference from 15 to 
30 base pairs (if the nucleic acid is double-stranded) or bases (if the 
nucleic acid is single stranded). As is described more fully below, single- 
stranded DNA primers, suitable for use in a polymerase chain reaction, 
are particularly preferred. 

The nucleic acid for use in the methods of the invention is a nucleic acid 
capable of hybridising to the Rsk-3 gene. Fragments and variants of this 
gene, and cDNAs derivable from the mRNA encoded by the gene are also 
preferred nucleic acids for use in the methods of the invention. 
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Clearly nucleic acids which selectively hybridise to the gene itself or 
variants thereof are particularly useful. Fragments of the gene are 
preferred for use in the method of the invention. Fragments may be made 
5 by enzymatic or chemical degradation of a larger fragment, or may be 
chemically synthesised. By "gene" is included not only the introns and 
exons but also regulatory regions associated with, and physically close to, 
the introns and exons, particularly those 5' to the 5 '-most exon. By 
"physically close" is meant within 50 kb, preferably within 10 kb, more 

io preferably within 5 kb and still more preferably within 2 kb. It is believed 
that the basic promoter and regulatory elements of the Rsk-3 gene 
probably lie up to 200-400 base pairs of the transcriptional start site or 
start of the coding region. However, tissue specific or inducible elements 
may be 50 kb in either direction of the coding regions (exons) or may be 

15 in the introns. Such elements of the Rsk-3 gene may be identified or 
located by DNAse hypersensitivity sites (detected on Southern blots) 
which indicate sites of regulatory protein binding. Alternatively, reporter 
constructs may be generated using the upstream genomic DNA (ie 
upstream of the 5'-most exon) and, for example, P-galactosidase as a 

20 reporter enzyme. Serial deletions and footprinting techniques may also be 
used to identify the regulatory regions. 

By •fragment' 7 of a gene is included any portion of the gene of at least 15 
nucleotides in length (whether single stranded or double stranded) but 
25 more preferably the fragment is at least 20 nucleotides in length, most 
preferably at least 50 nucleotides in length and may be at least 100 
nucleotides in length or may be at least 500 nucleotides in length. 
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Preferably the fragment is no more than 50 kb and, more preferably, no 
more than 100 kb. 

By "variant" of a gene is included specifically a cDNA, whether partial or 
5 full length, or whether copied from any splice variants of mRNA. We 
also include specifically a nucleic acid wherein, compared to the natural 
gene, nucleotide substitutions (including inversions), insertions and 
deletions are present whether in the gene or a fragment thereof or in a 
cDNA. Both variants and fragments will be selected according to their 
10 intended purposes; for probing, amplifying or diagnostic purposes, shorter 
fragments but with a greater degree of sequence identity (eg at least 80%, 
90%, 95% or 99%) will generally be required. 

It is particularly preferred if the nucleic acid for nse in the methods of the 
15 invention is an oligonucleotide primer which can be used to amplify a 
portion of the gene. 

The Rsk-3 gene and Rsk-3 cDNA are similar to, but distinct from, the 
Rsk-1 gene and cDNA, and the Rsk-2 gene and cDNA. Preferred nucleic 

20 acids for use in the invention are those that selectively hybridise to the 
Rsk-3 gene or cDNA and do not hybridise to the Rsk-1 gene or cDNA and 
do not hybridise to the Rsk-2 gene or cDNA. Such selectively hybridising 
nucleic acids can be readily obtained, for example, by reference to 
whether or not they hybridise to the Rsk-1 gene or Rsk-2 gene, or whether 

25 they hybridise to the Rsk-1 cDNA or Rsk-2 cDNA. The Rsk-2 gene is 
located at Xp22.2 and the Rsk-1 gene is located on chromosome 3 at 3p. 
The Rsk-1 cDNA sequence is shown in Figure 15 and the Rsk-2 cDNA 
sequence is shown in Figure 14. 
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The methods are suitable in respect of any cancer but it is preferred if me 
cancer is cancer of the ovary, breast, vulva, vagina or cervix or if the 
cancer is lymphoma. The methods are particularly suitable in respect of 
cancer of the ovary or breast, or lymphoma; and the methods are most 
suitable in respect of ovarian cancer. It will be appreciated that the 
methods of the invention include methods of prognosis and methods which 
aid diagnosis. It will also be appreciated that the methods of the invention 
are useful to the physician or surgeon in determining a course of 
management or treatment of the patient. 

Although it is believed that any sample containing nucleic acid derived 
from the patient is useful in the methods of the invention, since mutations 
in the Rsk-3 gene may occur in familial cancers and not just sporadic 
cancers, it is, however, preferred if the nucleic acid is derived from a 
sample of the tissue in which cancer is suspected or in which cancer may 
be or has been found. For example, if the tissue in which cancer is 
suspected or in which cancer may be or has been found is ovary, it is 
preferred if the sample containing nucleic acid is derived from the ovary 
of the patient. Samples of ovary may be obtained by surgical excision, 
laproscopy and biopsy, endoscopy and biopsy, and image-guided biopsy. 
The image may be generated by ultrasound or tecrmetium-99-labelled 
antibodies or antibody fragments which bind or locate selectively at the 
ovary. The well known monoclonal antibody HMFG1 is a suitable 
antibody for imaging ovarian cancer. Ascites/peritoneal cavity fluid, and 
peritoneal samples, may be obtained by surgery or iaproscopy. Similarly, 
if the tissue in which cancer is suspected or in which cancer may be or has 
been found is breast, it is preferred if the sample containing nucleic acid is 
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derived from the breast of the patient; and so on. Breast samples may be 
obtained by excision, "true cut" biopsies, needle biopsy, nipple aspirate or 
image-guided biopsy. 



5 Other samples in which it may be beneficial to analyse Rsk-3 include 
lymph nodes, blood, serum and potential or actual sites of metastasis, for 
example bone. 



The sample may be directly derived from the patient, for example, by 
biopsy of the tissue, or it may be derived from the patient from a site 
remote from the tissue, for example because cells from the tissue have 
migrated from the tissue to other parts of the body. Alternatively, the 
sample may be indirectly derived from the patient in the sense that, for 
example, the tissue or cells therefrom may be cultivated in vitro, or 
cultivated in a xenograft model; or the nucleic acid sample may be one 
which has been replicated (whether in vitro or in vivo) from nucleic acid 
from the original source from the patient, Thus, although the nucleic acid 
derived from the patient may have been physically within the patient, it 
may alternatively have been copied from nucleic acid which was 
physically within the patient. The tumour tissue may be taken from the 
primary tumour or from metastases. 



It will be appreciated that a useful method of the invention includes the 
analysis of mutations in, or the detection of the presence or absence of, 
the Rsk-3 gene in any suitable sample. The sample may suitably be a 
freshly-obtained sample from the patient, or the sample may be an historic 
sample, for example a sample held in a library of samples. 
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Certain mutations in the Rsk-3 gene which are associated with cancer are 
described in the Examples. 

Conveniently, the nucleic acid capable of selectively hybridising to the 
said human DNA and which is used in the methods of the invention 
further comprises a detectable label. 

By "detectable label" is included any convenient radioactive label such as 
^P, *P or 3S S which can readily be incorporated into a nucleic acid 
molecule using well known methods; any convenient fluorescent or 
chemuuminescent label which can readily be incorporated into a nucleic 
acid is also included. In addition the term "detectable label" also includes 
a moiety which can be detected by virtue of binding to another moiety 
(such as biotin which can be detected by binding to streptavidin); and a 
moiety, such as an enzyme, which can be detected by virtue of its ability 
to convert a colourless compound into a coloured compound, or vice versa 
(for example, alkaline phosphatase can convert colourless o- 
nitrophenylphosphate into coloured o-nitrophenol). Conveniendy, the 
nucleic acid probe may occupy a certain position in a fixed assay and 
whether the nucleic acid hybridises to the said region of human DNA can 
be detennined by reference to the position of hybridisation in the fixed 
assay. The detectable label may also be a fluorophore-quencher pair as 
described in Tyagi & Kramer (1996) Nature Biotechnology 14, 303-308. 

It will be appreciated that the aforementioned methods may be used for 
presymptomatic screening of a patient who is in a risk group for cancer. 
High risk patients for screening include patients over 50 years of age or 
patients who carry a gene resulting in increased susceptibility (eg 
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predisposing versions of BRCA1, BRCA2 or p53); patients with a family 
history of breast/ovarian cancer; patients with affected siblings; 
nulliparous women; and women who have a long interval between 
menarche and menopause. Similarly, the methods may be used for the 
pathological classification of tumours such as ovarian tumours. 

Conveniently, in the methods of the first, second and third aspects of the 
invention the nucleic acid which is capable of the said selective 
hybridisation (whether labelled with a detectable label or not) is contacted 
with a nucleic acid derived from the patient under hybridising conditions. 
Suitable hybridising conditions include those described above. 

It is preferred that if the sample containing nucleic acid derived from the 
patient is not a substantially pure sample of the tissue or cell type in 
question that the sample is enriched for the said tissue or cells. For 
example, enrichment for ovarian cells in a sample such as a blood sample 
may be achieved using, for example, cell sorting methods such as 
fluorescent activated cell sorting (FACS) using an ovary cell-selective 
antibody, or at least an antibody which is selective for an epithelial cell. 
For example, Cam 5.2, anticytokeratin 7/8, from Becton Dickinson, 2350 
Qume Drive, San Jose, California, USA, may be useful. The source of 
the said sample also includes biopsy material as discussed above and 
tumour samples, also including fixed paraffin mounted specimens as well 
as fresh or frozen tissue. The nucleic acid sample from the patient may be 
processed prior to contact with the nucleic acid which selectively 
hybridises to Rsk-3. For example, the nucleic acid sample from the 
patient may be treated by selective amplification, reverse transcription, 
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immobilisation (such as sequence specific immobilisation), or 
incorporation of a detectable marker. 

It is particularly preferred if the methods of the invention include the 
determination of mutations in, or the detection of the presence or absence 
of, the Rsk-3 gene. 

The methods of the first, second and third aspects of die invention may 
involve sequencing of DNA at one or more of the relevant positions within 
the relevant region, including direct sequencing; direct sequencing of 
PCR-amplified exons; differential hybridisation of an oligonucleotide 
probe designed to hybridise at the relevant positions within the relevant 
region (conveniendy this uses immobilised oligonucleotide probes in, so- 
called, "chip" systems which are well known in the art); denaturing gel 
electrophoresis following digestion with an appropriate restriction enzyme, 
preferably following amplification of the relevant DNA regions; SI 
nuclease sequence analysis; non-denaturing gel electrophoresis, preferably 
following amplification of the relevant DNA regions; conventional RFLP 
(restriction fragment length polymorphism) assays; heteroduplex analysis; 
selective DNA amplification using oligonucleotides; fluorescent insitu 
hybridisation (FISH) of interphase chromosomes; ARMS-PCR 
(Amplification Refractory Mutation System-PCR) for specific mutations; 
cleavage at mismatch sites in hybridised nucleic acids (the cleavage being 
chemical or enzymic); SSCP single strand conformational polymorphism 
or DGGE (discontinuous or denaturing gradient gel electrophoresis); 
analysis to detect mismatch in annealed normal/mutant PCR-amplified 
DNA; and protein truncation assay (translation and transcription of exons 
- if a mutation introduces a stop codon a truncated protein product will 
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result). Other methods may be employed such as detecting changes in the 
secondary structure of single-stranded DNA resulting from changes in the 
primary sequence, for example, using the cleavase I enzyme. This system 
is commercially available from GibcoBRL, Life Technologies, 3 Fountain 
Drive, Inchinnan Business Park, Paisley PA4 9RF, Scotland. 

It will be appreciated that the methods of the invention may also be carried 
out on "DNA chips". Such "chips" are described in US 5,445,934 
(Afrymetrix; probe arrays), WO 96/31622 (Oxford; probe array plus 
ligase or polymerase extension), and WO 95/22058 (Affymax; 
fluorescendy marked targets bind to oligomer substrate, and location in 
array detected); all of these are incorporated herein by reference. 

Petailed methods of mutation detection are described in "Laboratory 
Protocols for Mutation Detection" 1996, ed. Landegren, Oxford 
University Press on behalf of HUGO (Human Genome Organisation). 

It is preferred if RFLP is used for the detection of fairly large (* 500bp) 
deletions or insertions. Southern blots may be used for this method of the 
invention. 

PCR amplification of smaller regions (maximum 300bp) to detect small 
changes greater than 3-4 bp insertions or deletions may be preferred. 
Amplified sequence may be analysed on a sequencing gel, and small 
changes (minimum size 3-4 bp) can be visualised. Suitable primers are 
designed as herein described. 
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In addition, using either Southern blot analysis or PCR restriction enzyme 
variant sites may be detected. For example, for analysing variant sites in 
genomic DNA restriction enzyme digestion, gel electrophoresis, Southern 
blotting, and hybridisation specific probe (for example any suitable 
fragment derived from the Rsk-3 cDNA or gene). 

For example, for analysing variant sites using PCR DNA amplification, 
restriction enzyme digestion, gel detection by ethidium bromide, silver 
staining or incorporation of radionuclide or fluorescent primer in the 
PCR. 

Other suitable methods include the development of aUele specific 
oligonucleotides (ASOs) for specific mutational events. Simiiar methods 
are used on RNA and cDNA for the suitable tissue, such as ovarian or 



Whilst it is useful to detect mutations in any part of the Rsk-3 gene, it is 
preferred if the mutations are detected in the exons of the gene and it is 
further preferred if the mutations are ones which change the coding sense. 
Mutations have been found in several exons of the Rsk-3 gene which are 
associated with ovarian cancer as is described in more detail in the 
Examples. The detection of these mutations is a preferred aspect of me 
invention. Similarly, the invention also includes probes and primers and 
other means for detecting the specific mutations identified in the 
Examples, all of which can be designed, made and used by methods well 
known to the skilled person. 
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The methods of the invention also include checking for loss-of- 
heterozygosity (LOH; shows one copy lost). LOH may be a sufficient 
marker for diagnosis; looking for mutation/loss of the second allele may 
not be necessary. LOH of the gene may be detected using polymorphisms 
in the coding sequence, and introns, of the gene. Polymorphisms in the 
exons of Rsk-3 have been identified (eg 1485: ACA or ACG; 855: GCA 
or GCG). LOH in a tumour cell, from whatever source, compared to 
blood is useful as a diagnostic tool, eg it may show that the tumour has 
progressed and requires more stringent treatment. 

Particularly preferred nucleic acids for use in the aforementioned methods 
of the invention are those selected from the group consisting of primers 
suitable for amplifying nucleic acid. 

Suitably, the primers are selected from the group consisting of primers 
which hybridise to me nucleotide sequences shown in any of the Figures 
which show Rsk-3 gene or cDNA sequences. It is particularly preferred if 
the primers hybridise to the introns of the Rsk-3 gene or if the primers are 
ones which will prime synthesis of DNA from the Rsk-3 gene or cDNA 
but not from the Rsk-1 or Rsk-2 gene or cDNA. Particularly preferred 
primers are shown in Figure 13. 

Primers which are suitable for use in a polymerase chain reaction (PCR; 
Saiki el at (1988) Science 239, 487-491) are preferred. Suitable PCR 
primers may have the following properties: 

It is well known that the sequence at the 5' end of the oligonucleotide need 
not match the target sequence to be amplified. 
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It is usual that the PCR primers do not contain any complementary 
structures with each other longer than 2 bases, especially at their 3' ends, 
as this feature may promote the formation of an artifactual product called 
"primer dimer". When the 3' ends of the two primers hybridize, they 
form a "primed template" complex, and primer extension results in a 
short duplex product called "primer dimer". 



Internal secondary structure should be avoided in primers. For symmetric 
PCR, a 40-60% G+C content is often recommended for both primers, 
with no long stretches of any one base. The classical melting temperature 
calculations used in conjunction with DNA probe hybridization studies 
often predict that a given primer should anneal at a specific temperature or 
that the 72°C extension temperature will dissociate the primer/template 
hybrid prematurely. In practice, the hybrids are more effective in the 
PCR process than generally predicted by simple T m calculations. 

Optimum annealing temperatures may be determined empirically and may 
be higher than predicted. Tag DNA polymerase does have activity in the 
37-55°C region, so primer extension will occur during the annealing step 
and the hybrid will be stabilized. The concentrations of the primers are 
equal in conventional (symmetric) PCR and, typically, within 0.1- to 1- 
pM range. 



Any of the nucleic acid amplification protocols can be used in the method 
of the invention including the polymerase chain reaction, QB replicase and 
ligase chain reaction. Also, NASBA (nucleic acid sequence based 
amplification), also called 3SR, can be used as described in Compton 
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(1991) Nature 350, 91-92 and AIDS (1993), Vol 7 (Suppl 2), S108 or 
SDA (strand displacement amplification) can be nsed as described in 
Walker et al (1992) Nucl. Acids Res. 20, 1691-1696. The polymerase 
chain reaction is particularly preferred because of its simplicity. 

When a pair of suitable nucleic acids of the invention are used in a PGR it 
is convenient to detect the product by gel electrophoresis and ethidium 
bromide staining. As an alternative to detecting the product of DNA 
amplification using agarose gel electrophoresis and ethidium bromide 
staining of the DNA, it is convenient to use a labelled oligonucleotide 
capable of hybridising to the amplified DNA as a probe. When the 
amplification is by a PGR the oligonucleotide probe hybridises to the 
interprimer sequence as defined by the two primers. The oligonucleotide 
probe is preferably between 10 and 50 nucleotides long, more preferably 
between 15 and 30 nucleotides long. The probe may be labelled with a 
radionuclide such as »P, »p and *S using standard techniques, or may be 
labelled with a fluorescent dye. When the oligonucleotide probe is 
fluorescently labelled, the amplified DNA product may be detected in 
solution (see for example Balaguer et al (1991) "Quantification of DNA 
sequences obtained by polymerase chain reaction using a bioluminescence 
adsorbent" Anal. Biochem, 195, 105-110 and Dilesare et al (1993) "A 
high-sensitivity electrochentilurninescence-based detection system for 
automated PCR product quantitation" BioTechniques 15, 152-157. 

PCR products can also be detected using a probe which may have a 
fluorophore-quencher pair or may be attached to a solid support or may 
have a biotin tag or they may be detected using a combination of a capture 
probe and a detector probe. 
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Fluorophore-quencher pairs are particularly suited to quantitative 
measurements of PGR reactions (eg RT-PCR). Fluorescence polarisation 
using a suitable probe may also be used to detect PCR products. 

Oligonucleotide primers can be synthesised using methods well known in 
the an, for example using solid-phase phosphoramidite chemistry. 

The present invention provides the use of a nucleic acid which selectively 
hybridises to the human-derived DNA of any of the PACs 168L15 or 
427A4 or to the Rsk-3 gene, or a mutant allele thereof, or a nucleic acid 
which selectively hybridises to Rsk-3 cDNA or a mutant allele thereof, or 
their complement in a method of diagnosing cancer or prognosing cancer 
or determining susceptibility to cancer; or in the manufacture of a reagent 
for carrying out these methods. 

Also, the present invention provides a method of determining the presence 
or absence, or mutation in, the said Rsk-3 gene. Preferably, the method 
uses a suitable sample from a patient. 

The methods of the invention include the detection of mutations in the 
Rsk-3 gene. 

The methods of the invention may make use of a difference in restriction 
enzyme cleavage sites caused by mutation. A non-denaturing gel may be 
used to detect differing lengths of fragments resulting from digestion with 
an appropriate restriction enzyme. 
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An "appropriate restriction enzyme" is one which will recogn.se and cut 
the wild-type sequence and not the mutated sequence or vice versa The 
sequence which is recognised and cut by the restriction enzyme (or not as 
the case may be) can be present as a consequence of the mutation or it can 
be introduced into the normal or mutant allele using mismatched 
oligonucleotides in the PGR reaction. It is convenient if the enzyme cuts 
DNA only infrequently, in other words if it recognises a sequence which 
occurs only rarely. 

In another meted, a pair of PCR primers are used which match (ie 
hybridise ») either me wiid-type genotype or the mute, genotype but no, 
bom. Whether amplified DNA is prodnced will men indicate the wild- 
type or midant genotype (and hence phenotype). However, this method 
rel.es partly on a negative resnlt (ie the absence of amplified DNA) which 
could be dne to a technical failnre. !t therefore may be less reliable and/or 
requires additional control experiments. 

A preferable method employs similar PCR primers but, as well as 
hybridising to only one of the wild-type or mutant sequences they 
introduce a restriction site which is not otherwise there in either the wild- 
type or mutant sequences. 

The nucleic acids which selectively hybridise to the Rsk-3 gene or cDNA 
or which selectively hybridise to the PAC clones 168L15 or 427A4 are 
useful for a number of purposes. They can be used in Southern 
hybndization to genomic DNA and in the RNase protection method for 
detecting point mutations already discussed above. The probes can be 
used to detect PCR amplification products. They may also be used to 
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detect mismatches with the Rsk-3 geae or mRNA in a sample using other 
techniques. Mismatches can be detected using either enzymes (eg SI 
nuclease or resolvase), chemicals (eg hydroxylamine or osmium tetroxide 
and pyridine), or changes in electrophoretic mobility of mismatched 
hybrids as compared to totally matched hybrids. These techniques are 
known in the art. Generally, the probes are complementary to the Rsk-3 
gene coding sequences, although probes to certain introns are also 
contemplated. A battery of nucleic acid probes may be used to compose a 
fat for detecting loss of or mutation in the wild-type Rsk-3 gene. The kit 
allows for hybridization to the entire Rsk-3 gene. The probes may overlap 
with each other or be contiguous. 

If a nboprobe is used „ d^, mimuucfces wis, mRNA it is 
complememary to toe mRNA of the ta. w JHE . ^ 
fas is an anrt-sense probe m ^ „ ^ „, ^ for fc ^ ^ 
by tbe gene because i, is of the opposite polarity ,„ me sense strand 
Tbe nboprobe generally will be labelled, for example, radioaetively 
labeUed which oan be aeeomplished by any means h»w» in Che art If the 
nboprobe is used to deteet mismatches with DNA it oan be of either 
polarity, sense or anti-sense. Similarly, DNA probes also may be nsed to 
detect mismatches. 

Nneleie aeid probes may also be complementary to mutant alleles „, the 
Rsk-3 gene. Utese are useful to deteet similar mutations in other patients 
on the basis of hybridization rata than mismatches. As mentioned 
above, tbe Rsk-3 gene probes can also be nsed in Sonthern hybridizations 
to genomic DNA to detee. gross chromosomal changes such as deletions 
and insertions. 
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Accord^ „ diasnostic m pmgmk ^ ^ 
~, ta o, or ^.io,, of , „. ^ gcnE ^ 
« Toe ta my be due „ eifter ^ deteioM] or ^ 

«. be „ owever , „ ^ ^ ^ ^ 

" tesma,ed for other * -* - 

pof^^,^. LoS8oflhesecoiidaUeie ^ 

this could be a usefc, even. «o deKct . Some ^ ^ 
M ^oos ^ ,„ gene prodMs ^ ^ ^ 

as po ffiI o^, deietions ^ ^ ^ 
* *- - — - of «, of fc ^ Pojn[ muatjoM ^ 

~ e faw gene prod " ct M 10 - R « ><« 

oon-tanooa, or ^ an altere<i rapre ssio n . „ is preferred „ J 
«- of Rs k -3 „™ A „ . test ^ , ^ ^ 
tapreseo, . a co ntIol sample . lt „ ^ ^ 
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Ksk-3 expression is less preferred. 

The gene has two alleles, and it wio be apprKiatea ^ ^ 
alleles may have a greate r effect „„ ce„ behaviour ^ ^ 
- expected te a, lem one mmanl a „ ele ^ ^ ^ ^ ^ 

Modifications to the second aUele , ^ ^ 
* to codmg seance, may include M or partial gMe 
or mutation of regulatory regions. 



^amount 0( Rs*-3 mRNA . ^ ^ 
-pie hssue or per nnit number of samp,e ceHs ana compared mis to the 

ZZ T wn oomal *" or * r * — - ° f — «*■ 

. ^ 66 ,Uara,,ated •» oormern bforrmg or 

quantitative RT-PCR. S 

^ uwendon also includes me Mowing methods: in vf, ro raMcription 

t JT - " ° f ^ 10 ~ « or 

auered properties such as substrate binding; i^unohistochemistry of 

rjr to ida,,i<y b ** ° f *<= ^ * 

r«st, or to disunion is within ^ „ ^ ^ 

- nse of RT-PCR using mudom primers. prior t0 iettcIion of 
nmtamms m me region as described above. It is „ „ ^ 
dtstnbuton of me Rsk-3 polypeptide is screened for. 

A former aspect of the invention provides a system (or i, could also be 
.ermed a k i, o, parts, for detecting the presence or absence of. or mutation 
-. d. relevant region of bnman DNA, me system comprising . nucleic 
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ci S e,ec ti ve, y hybrid ^ to to relevanl region „ f 
DNA a,, a tfp^ or deoxynncleosllle 

-* - cap*,, of j mively 

5 preferred above. se 

Z TJ^"" 1 DNA b PAC ctaKs « 

«A4 Prefe.ably.^re.e™,^^^^. 
o as herein defined. g 

By -muudon- is ^ ^ ^ 

4«or is ^ my mnmUy ^ nucieo 

aud, aa ATP, OTP, CTP, a^ UTP CATp 
TTP aa wU aa ro _ y derivativK ^ „ ^ 
-ode a phosptorcbioa, liDkase (for eMmple ^ 

to ™ e ttplwspilate M 

tnphosphosphate is radioactively labelled n, . • 

y laoelJed or derivative thereof for 
example with a p »P or ™ ;„ a ' I0r 

P S.orisfluorescently labelled or labelled with a 

chemdunnnescence compound or with digoxygenin. 
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Thus, tbe b-e*. a M, „f parB which ^ a ^ ^ 

capable „, selectively hybridising to ^ ^ ^ ^ ^ ^ 

"* f ° r ^ «» I— » or absence of, or . ^ 
-. me said region. Means for detecting fc preseac(! of ^ rf _ 

3 mutation in, the said region include, for e*amp,e, a diagnostic restriction 
enzyme or a mutant-specific nucleic acid probe or the lite. 

A tourer aspect of ,he invention provides a system for ^ ^ 

system comprising a nucleic acid which selectively hybridises ,o the 
mlevan, region of human DNA and a nncleic acid modi^mg enzyme. 
Pretored nncieic acids capable of sefe«ive,y hybridising to tbe re,evan, 
reg.cn of human DNA are me same as those preferred above. 



15 By 



18 bclUded insertions . substitution (including 
transversions) and deletions. 

By "nucleic acid modifying enzvme- is included any cyme capabfe of 
modifying an RNA or DNA molecule. 

Preferred enzymes are selected from the group consisting of DNA 

entlonncleases. A particmarly preferred enzyme is . mamombh DNA 
polymerase such as Taq DNA polymerase. Nucleases such as Cleavase 1 
winch recognise secondary strucnrre, for example mismatches, may also 
be useful. J 
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De.ec,i„ 8 — ice. in tbe gene wi „ ta usefill for de 

" " fM 3 ^ " ^ - 

Detecnng nrutartons in geM ^ be useM , o ^ a subse _ 

pattents wbose tun,ours nave n* toed characterjstjc ^ 
anaiysed as a gronp for prognosis or ^ ^ ^ 

A. the gene appear, „ be nn eariy even,, den***, „ f n^ „ k 
be usefol for screening and diagnosis „f ovarian ^ 

.0 Mucous fc h gene tnay be re,ated to response or ^ „ 
, *- .nay be invest ^ ^ ^ 
to vanous ttaapies, or by clinical cotrelation studies. 

"<^^-« S -wo„ ldl)eusaiasiHnofapioelof 
opined resuitsofwouiddirecberapy. 

Anaiysia of the gene nay be nsefoi for differentia, diagnosis in tne case 
where nations in the gene m connnon in one nnnonr, on, no, another. 
For eaampfo, secondary tutu™ of gastrointesth*, ^ „ 
*>nnd in the ovaries and are dfflcn,, „ ftom ^ f ' 

ovarian origin. 

A further asp., of fc taventio „ ^ , ^ fa d 

° f 8 K — *e steps of (i, obtain^ . 

containing proKta ^ frotn the patient; and (ii) determining 
* teianve antount, or tbe i„tracel,„,ar fooanon, or pby slcal J^Z 
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Rsk-3 polypeptide, or the relative activity of nr h 
■. ^ • <"-»viry ot, or change in activity nf nr 

altered activity of, the R sk -3 polypeptide. * 

A still further aspect of the invention provides a meth.H f „• 

<*x*mn g proteir, derived from toe pa,ie„, ^ m ' , 

3 Polvpepnde, or 0,e remove acrivirv of , or ciange „ ^ 

altered activiry of, a* Rst-3 po lypep , ide 8 " ^ ° f - ° r 

10 

relative acriviiy of or eh™.. ■ ■ . Mypqttde, or the 

3polvpepUde ' ^ aaCnV,I5 ' 0, ' 0r ^^°^^ 

The methods of the invention a!«n ^ L 

- « po« ::rr~r ^ 

prison in a cottro, ^ „ mv " " - •* 

— h. R*-3 we acivirv „ £ 1? ^ *™ « 
1tt™m ^ n be measured using S6 or 

sr: rrjr.Tr- *-- ; 
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The sample containing protein derived from th, ,- - 

, am . . nvea from the patient is conveniently a 

The 0,0*00, of ^ ^ detetjon 

The polypeptide sequence of R sk -3 is .jveo i„ ™ 

«L aw. 15 4353-4363 1 , , * * <>m M ° L 

which selecrh, , k- - P ° lypcp0dt 15 deten «^ using a molecule 
wnicu selectively binds to Rslc-T mhm. 

a mutant f , peptide or which selectively binds to 

"J * "Mr may al S0 bind tQ , ^ J^j 

fragment of Rsk-3 polypeptide. " 
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Antibodies to Rsk-3 are described in Zhao et al (1995) Uol Cell. Biol. 
15, 4353-4363 and, in any case, can be made by methods well known in 
the art. They are also commerically available; for example, anti-Rsk-3 
antibody, polyclonal C-20, is available from Santa Cruz Biotechnology 
Inc, 2161 Delaware Avenue, Santa Cruz, CA 95060, USA. Anti-Rsk-3 
C-20 (catalogue number SC-1431) is a goat polyclonal IgG which 
recognises an epitope corresponding to amino acids 7x4-733 mapping at 
the C-terminus of Rsk-3 of human origiu. Anti-Rsk-1 and anti-Rsk-2 
rabbit polyclonal antibodies are available from Upstate Biotechnology 
Incorporated, 199 Saranac Avenue, Lake Placid, NY 12946, USA. 

It is preferred if the antibodies used are selective for Rsk-3. By "selective 
for Rsk-3" we mean that they bind Rsk-3 but do not bind substantially to 
Rsk-1 or Rsk-2 or other polypeptides in the Rsk family. Preferably the 
antibody binds selectively only to Rsk-3 polypeptide. 

Antibodies which can selectively bind to a mutant form of Rsk-3 can be 
made, for example, by using peptides which encompass the changed 
amino acid or otherwise modified region of Rsk-3, or by using fusion 
proteins which express a portion of the Rsk-3 polypeptide which includes 
the changed amino acid or otherwise modified region. Certain mutations 
in the Rsk-3 gene are described in the Examples and, in most cases, the 
change to the amino acid coding region described. In any case, based on 
the genetic code, it is possible to deduce readily the change in the amino 
acid sequence. Antibodies which are selective for a mutant Rsk-3 
polypeptide as herein disclosed form a further aspect of the invention. 
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It is preferred if the molecule which selectively binds Rsk-3 or a mutant 
thereof does not substantially bind the Rsk-1 or Rsk-2 or further members 
of the Rsk family polypeptides. 

Former members of me Rsk family are described, for example, i„ Dea k „ 
01 (1998) EMBO J. ,7. 442M441, * amgb me Rsk ^ 
called MSKl. 

An alignment of polypeptides related to Rsk-3 is given in Figure 21 from 
which it can be s*en that there are a number of regions of dissimilarity 
which can be used to design peptides which are selective for R sk -3 Such 
peptides may be used to raise Rsk-3-selective antibodies. In particular 
the N-tertninal region of R sk - 3 is quite distinct from ^ ^ 
polypeptides, and may be used to design Rsk-3-selective peptides and 
antibodies. 

The antibodies may be monoclonal or polyclonal. Suitable monoclonal 
antibodies may be prepared by known techniques, for example those 
d.sclosed in "Monoclonal Antibodies: A manual of techniques" H Zola 
(CRC Press, 1988) and in "Monoclonal Hybridoma Antibodies- 
Techniques and applications", J G R Hurrell (CRC Press, 1982), both of 
which are incorporated herein by reference. 

By "the relative amount of Rsk-3 polypeptide" is meant the amount of 
Rsk-3 polypeptide per unit mass of sample tissue or per unit number of 
sample cells compared to the amount of Rsk-3 polypeptide per unit mass 
of known normal tissue or per unit number of normal cells. The relative 
amount may be determined using any suitable protein quantitation method 
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In particular, it is preferred if antibodies are used and that the amount of 
Rsk-3 is determined using methods which include quantitative western 
blotting, enzyme-linked immunosorbent assays (ELISA) or quantita£ive 
immunohistochemistry. 

5 

The neoptastic conditio, of lesion, ean also be demcfed on ihe basis of ae 
alteration of wildrype Rsk-3 polypeptide. Snch alterations can be 
defermmed by sequence analysis in accordant with conventional 
■echnioncs. More preferably, antiWies (polyclonal or monodonal) are 
- nsed ,„ de.ec, differences in, or tire absence o, Rs k -3 ^ or 
peptides derived therefrom. & miboiies my ^ ^ 
herein. 

Omer technics for raising and pnrifying antibodies are weU known in 
"* ^ "* - W " <*— » achieve ft. preparations 

d—d in this invasion. In a preferred en.hodin.en, of th. invention 
antibodies will hnmnnoprecipiute Rsk-3 protein fr„ m sointion as weU as 
reacr M Rsk-3 profeh, on Western or of polyacry|amide 

gels. In another preferred embodiment antibodies will detect Rsk-3 
profeins in paraffin or frozen tissne sections, nsing hrnnunocytochemical 
techniques. 

Preferred embodiment relating ,o methods for detecting Rsk-3 or Us 
mutations inch.de enzyme linked immunosorbent assays (ELBA, 
radioimmunoassay (RIA), immnnoradiometiic assays (IRMA) and 
nnmnnoenzjonatic assays (IEMA), mclnding sandwich assays nsing 
monocional and/or polydonal antibrfies. Ecempiary sandwich assays are 
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described by David * al in US Patent Nos. 4,376,110 and 4,486,530, 
hereby incorporated by reference. 

Ita mtracellular location of Rsk-3 may readily be determined using 
methods known in the art such as immunocytochemistry in which a 
labelled antibody (for example, radioactively or fluorescently labelled 
aottbody) is used to bind to Rsk-3 and its location within the cell is 
determined microscopically. For example, it is possible using this 
methodology to determine whether the Rsk-3 is located in the cytoplasm 
or in the nucleus or, if located in both compartments, the proportion of 
Rsk-3 which is located in each compartment. 

In normal cells, such as normal ovary cells, Rsk-3 is located in the 
cytoplasm as determined by immunocytochemical analysis. In cancer cells 
an altered distribution of Rsk-3 occurs such that there is a greater 
proportion of cells in which Rsk-3 is present in *e nucleus (as judged by 
nuclear staining with an appropriate antibody), compared to normal cells. 

Methods for detecting aHered ceilular distribution include 
nnmunohistochernistry IHC (for example, where the antibody or a 
secondary antibody which recognises the first, is labelled with an enzyme 
a fluorescent tag, a radioisotope), computer-aided image analysis of IHC 
stamed sections; and flow cytometric analysis of cell nuclei released from 
fresh tissue or from paraffin sections. 

b norma! ovarian <*Us Rsk-3 ^ my ^ fclmd „ ^ ^ 

and nnclens, b». pre don.inan 1Iy i„ u* cytoplasm. The distribution of Rsk- 

3 m norma, calls is cell cycle dependent, showing translocation from the 
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chiasm *> *e nucieus when cUs are sdmuIated by ^ 
* a proportton of the cefls would ^ „ uclear sWotag 

«u , -«™^ ^ of a. ^ mUs wouu siow ^ 

r ° f — *" ' — — <* staining. mc MI1 £ 
~ Mwift ep iMi a 1 „ r „ variMmarte , todettttaio 



ceUs ^ thos of Mclrar ^.3 ^ ^ yta. 

™y be more background staining. It n»y be «e* l , 

^ ™» ■* to compare lie 



7l r tr "** ° f ^ " * * ~g me acdvity 

c popper -« ma, ofsampleljssue ^ uni[nu 2 
of sample oCis ant, comparing this activity to to ^ of „. ^ 

Po.^epernni,ma M of to5W nnorma ltissU eor P erL t m J mro 
oonna, ceu, The reiadve amonn. may be defined ^ . ~ 

-ymcaasay m. aasay ia ^ for ^ ^ ^ 

enzyme activity. pu.ypepnae 

^ enzyme activity may be assayed ^ ^ ^ ^ fc 

!5, 353-4353, me profcin kinase activity «, can be assessed witb a 
synmenc pepdde snbstmte (RRRLSSLRA) which corresponds to amino 
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-Ms 23, „ 239 of tbe rtbosotna, S6 ^ _ fa 

.. in J.R. ^ W >, ^ Kinases: taiers ta „ 
University P^, Oxfoni , 
« An assay for te protein ^ acayiiy of ^ 

- B^npfc S6 ^ s „ bs|nK fm ^ 
obtatned ta Upstate Bio.eenno.ogy tocorporate 

KsJc-3 kinase constitutively active. 

D» assays my use Rsk . 3 ^ ^ ^ 
n^nnopreetpttatton „ oblain ^.3 ^ ^ ^ fc a 
other proteins), or by expressing ^ „ ^ _ 

I" *" "* " — "* " ~ — - « 
or unmobuBanon, or be a fttsion protein. 

r ity reiative ,o ^ ~ <*• " " « ^ S6 



Atered sobsn*te speeificity ma y be determined by exannning a range of 

** *cy are pbospboryUteo cbanges. AlterMively , , ^ „ 
pnpbde hbrary, eg phage display, or combinatorial peptide library may be 
screened for tnolecnles wbieh bind to tnntan, „ r wiMtype w ^ 
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Phosphorylation of these peptides/proteins „ te fc a 

kinase assay. 

Activation of Rsk-3 polypeptide can be measured by aa.ophosphoryIa.ioa 
5 ora.kiaaseas.ay, Antibodies specific ,o the autophosphorylated fona 
may be useful for detecting activation. 

Rsk-3 has two complete, non-identical, seriae/threonine kinase domains 
Rsk-3 beiongs a, the p90 - family which has two other members, Rsk-1 
> aadRsk-2. Although the members of (his family are named ribosoma] S6 
basses, in v IK > pbosphorylatioa of me 40S ribosoma! sabani. which 
incorporates the S6 proteia, is sahsancialiy mediaKd by fc ^ p7Q 
tody of So kinases. The gene encodes a protein of aroaad 8 3kD and a 
6.5kb mRNA traascript. The geae is ubkptifously expressed, however 
tang and skeletal nmscle have been report to have pardeniariy high 
levels of expression (Zhao « „; (1995) Mol Cell Biol 13, 4345-4363). 

The ktaase activity of Rs H ^ ^ demonsIraM fc ^ by ^ 
Eak-3 (eg isoUted from eel! lysates by imaamoprecipitetioa wim aa Rsk-3 
specific aahbody, or asing aa epitope or His tagged recombiaaa, Rsk-3) 
^P )AT p and , ^ ^ M . 3 isokw ^ ^ 

eeus has a basal ,eve, of kinase activay, however mis caa be iacreased by 
pnor treahnen, of the c^s Witt various stimuli. Ageats which have beea 
shown .o prodaco a 2-6 fold iacrease i„ Rsk-3 activity in ^ 
(asiag Rsk-3 expressed i„ COS ceUs) iactade serum, insalia EGF 
PDOF. 10F, PMA (phorbo! ,2-myris.ate 13-acotate), and TPA(12-0- 
tehadecaooylphorbol-13-aeoiate). Seram stimulation of COS cells 
produces a peak in Rsk-3 kinase activity at 20 minute, 



5/15/2008, EAST Version: 2.2.1.0 



WO 9W34015 



42 



PCT/GB98/03887 



A putative consensus sequence for H<iv • 

D , „ RSK P roteIn substrates is R-X-X S 

«« « * COS cells tas b ee, reponed „ 

^ „ v ,, ro (Zhao „ „ (w5) ^ J 2 £ 



Relative efffow^, 
100 



Substrate 

S6 peptide (amino acids 231-239) 
Kemptide 
histone HI 

8 

histone H2A 

7 

histone H2B 55 
histone H3 
histone H4 

recombinant protein phosphatase 1 G U 

subunit (RG1); 

c-Fos 

10 

c-Jun 

2 

S40 ribosomal subunit 12 
casein 

10 

H"r r; " ais ° be ™ a — ■ - — « 

" ° f R *3 on ^ ^ _ 

:r;T: of pro,eta - *— « 

to . ,eve, bdow te ^ level of « 



5/15/2008, EAST Versi 



°n: 2.2.1.0 



WO 99/34015 

PCT/GB98y03887 

43 

Phosphor by ^ kjiiases 

Phosphor h y added phosphates „ „ e deEcted - 
— . - resohs h ^ 

5 however, h „ ifSt3 ' 

— *f ,5, 4345^363). ^ **" 

The p90- fan,u y , wa, Rsk . 3 , fe „„ ^ 

Slgnatag paftway. Gn)wth f "loaceltalar 
,„ „ . ra hormone which activace Rsk-3 

■o -» do so via MEK-1, a kinase on mis ^ 

—n - Rst-3 hioase acdvadon, measured . ^ ^ 
Wec^nofcenawid-aedveMEK-, is aiso sufficien, ,„ 
*»•* aedvky. The kinases ERK1 and HUQ „h- k 
s MEK1 ho,h ^- ' wluch '« : Mhatratea for 

jm. hod, — from ^ ej(rac(s 

^--o fRsk .3 toveshownaBttoc— s J- 

™ ' ^ W ~ tt to P- Wdoo of R«, dds is 00, 
suffice* to aouvate fok-3 fa ^ ^ 

ERKI and FRlro k ■ t Phosphorylation of 

*KKI and BRK2 by mcnbadon win, MEK1 resolt in fok 3 «„ 
aedvadon ( Zhao . m (1995) , ^ ^ 
has heen shown ,„ aodvaie P.,3 „ stde|a , ^ ^ J ^ 

(1*96)7. Gtem. 271, 30765-30773). 

Phosphorylation of the known Rsk-3 ^h^, t ■ 

t . , , . wn ksjc 3 substrates is mediated by the N- 
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binding S i tes of the N-tenninal and C te rmi , 

Bod, kinase domains are re Quired f d0mainS ' 

:: v :r P :irr activi * " g 

, J - Presence of even an inactive r 

5 terminal domain may module a >■ ■ "»«ive 

0y protem Phosptalase 2A deactivates 14ih 

J- B,ol. Chm. 270, 18848-18852) Nor d™ , 

-«duea with aegativdv cha re ed rea d * 

^-3 in quiescent cells is mosdv de*™*, • , 
-* » *e ceu c y ele. ^ ^Z^! 

which «„> „ ntf , • amino acids at ^ N-terminai 

wmch are not found in Rsk-1 or Rsk 7 Th- 

or K5ic-2. This reg l0 n of the Rsk^ n^h, 

— ** — * — — — . . ^ts 
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a snifcbfe antigen is ^ ^ 

5 subsrrate preferences, and show dilfer, , . different w wrro 

- Pnosp^ses. is 1^ ^ * —» 

1 - respond f „r *e intierned a^Zt " 
allele identified encoded »* • mUtated Rsk " 2 

> Although the MAP kinase pathway U l™ 

* - -r S en, e ff ee,s J £ T ^ 

— for eeU division. n, ns it „ * "* 

-I- * *e P ad,wav ^ Z °° ° bVroUS «* *- ^ or 

— . r: r: b i:n effect if iB *— - 

patoway, espeeia lly one severa, sfens COmP ° neM ° f fc 

■ — . - ^zzr ? r recep,M wou,d * 

» - -epfer e g MEK-1, and ta rT J / ^ 

. appear « .nrore o^ ^ ^ " ^ ^ 
targets. The data suggesting that 
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Rsk-3 mediates the efferf nf r 



antibodies are u seli „ i„ ... „,„_ _. ? ^ """W^ Such 



JO and may be made fhr , metnods of the invention 

N«— ^2^""-^ Mutant Rsk-3 

- * ^ or ^ ~ of " ta 

beuaAuroftucgeuep^e, - 
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It will be appreciated that in respect nf * 

««ve promts of ou««, me ^ mah A V * "* PrahcUOtt ° f 

reverse the effect of the mutation). * t0 

Peptides based on the mutant sequence, m„ k , 

immune response. " ^ ^ 10 Stim ^ an 

15 

A taher ^ of me fa 

™ g *e ^ of d " <* cancer 

) 

encodes the n.v i , P Dt a nucleic ac «* which 

encodes the Rsk- 3 polypeptide or a functional variant « 

thereof. TOnant or P ortlon or fusion 
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Suitably, the nudeic acid which is administered to the „ , • 

aHH ^hi i. "^ierea to the patient 1S a nucleic 

acid which encodes the R s k-3 nni^^.M 

portion ^ PreferaMy , 3 :'~ - ' »— «— or 
~ g an ^ JXl™ ^ " — " 

present invention, . method „ ^ T^' 10 *• 

neoplastic growth of the ceU Z CTjT " ^ * "~ 

for introdnc** „ f gmes ^ « ~ 

v«o, may he used m2T T " ** "* ^ ■** 

may oe used. Methods for introducing DNA into caIi „ 

eiectropcrodon, caicium phosphate cc-prociu Z t " 

are known in the art ™d «. t ■ P^eC,plta,,0,, 3011 ™' reduction 
wn «, the an, and the chotce of method is within the competence of 

the routineer Phi* , mmpetence of 

15 nMlfenaBd Wi * * e -W-type R sk - 3 gene can be 
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used as model Sysrems to sm , 
w W c hpr o moKsuchreniissioil y CMCM ~ - -a^ 

*— * - ^ com ™ po 'T p,,de is ab - - 

- or phsmW veclor (see ^ 2> - - -our ce,,, A vi™ 

R*-3 gene im to . ^ ""^ "copy of fa 

25 either locally at the site of n» h ^ patient - 

* metastasized to other sites) rf ,h 
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Cene ^ sysKms Wn „ fc ^ ^ 

- -™, ^ A numte of viruses tave ^ ^ 

1992), adenov,™ (Berter, 1992; BerbKr a ^ . 
KapiM*, 1992- Quamin a/ at 1992 ««, . h 8 " - 

» «/ 1992- Stratford p • " 04 1M2; Wilktas °° « 

* 1992, IM-lta* „ « 19S0) , vaccin . a 

.992;^ ! " 
~ r of av, n (Brandyopadlyay and Tmin 

been based on d' « " ^ ^ ^ 

oeen based on disabled murine retroviruses. 

Nonviral gene transfer methods known in * 
W 1. C™-. an d Uc y . 198 , ); 

r»T" %M ^*«- h ^-> «**JT 
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« ol, 1991; Zenke e/ «/ 19go . w 

<»la; Curie, . a,, 199lb) ' ' ^ "<*• Curie, -<t 

3 a. vtai«L ° S " ,g ' iposon,e ddiv ^ 

producer cell ]ine can be ^ ^ «*°vnBl vector 

vectorparticles. ran technique has been . S ^ ° f 

i" ^erable brain tumours. approvedfor »«tahm nMslrttll 

Oter suitable systtms toclude 

described by Feng „ * „„_ .. , ~««—»taI hybrid system 
8 8 ^ SSUChaSSU " abte ™glechau 1 Fv fta8menIS 

an approach which combines biological anri a • 
™hoda. plasma DNA Qf . ' 0S,Cal and Sene transfer 

^gated anbb*y ^ „ J<* 

rating complex is bound to an aden . ° Pr ° le " ,> Md "* 

» "-*« - men used to ^ J "™ 5 "*»• * Secular 

efficient binding, inren^ affi , d ^*7*" V «°' »-* 

coupled DNA is damaged. ^ endOSOme "*» 

Liposome/DNA complexes have been * 

* *- M Wvo gene transfer 

aene transfer process is no « ""^ ™<»* *■ 

process is nonspecific, localize /» • 

expression have been report* in mmour de^f ""^ "* 

direct m I(w administration (Nabel. 1992) . eXan "* e ' ""^ 
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Gene transfer techniques which target DNA Hi ■ 
mediated gene transfer for e* am , • Preferred. Receptor- 

prottto li gand „«, w / ' 0Sed plasmid) ,„ a 

^ taofae ^; D ~ »W Pa, for 

.%™ co« aKS 1 ; 21 r° 8en aM1 ° 8Ues) - 

& wood if 

Directed to the target tissue where 

■ 

— . and bodily 30c™- • *" " maMttsis . "lood 

A ftata aspect of ae „„ 

to step of ^ ' *" ° f canoe, 

fl.ooa.Kr. am " torfcsro »'ooreof tt> a In o U „ rate 
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Peptides which have Rsk-3 activity „ u 

ri g"res. Protein can be nrodurprf h„ 
cDNA se^eoce fa tacteria for m , Pr0dUCed " y M P re »«» of fte 

mammalian cells. In addition the tech - 'Productng 

- w 10 ^ crrr rr ^ - 

provide the preparation of «. * ^ teChniques «« 

The Rsk-3 gene or cDNA 

°— "* *e DNA is ^ too " ^ WeaX *- 

If ■ecessar,, fte DNA Bay be Itated t „ ,„ " e:1PreSS ' 0, ' 

— 'egiilatory LJ^Z^ 

**- host, alft„„ 8ll ^ ^ , """*«« by ft e 

expression vector. LZrlT ^ ~" * " - 

<he vector. Wore i, wiI , „, „„ ^ ^ ^"""ed by 

* - ^ ^irr sc,eci fcr -< 

— r . DNA se^eoce 2 ' «» *» 

- y, fte g eoe for ^ec J 

— ts used to eo-tr^o™ fc destad £L 
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Hos< ceils tha, ^ ^ ttamfo 

invention are ta mlmred for * ^ *' ~»*-« ™A of fc 

disclosed herein „ pKmit fc .I" 1 * 6 " a «" ° f «* 
^recovered ~ °' ^ *■* can 



'» insect cells. P M ' ^ ™™» cells and 
1* vecrors incU.de a prefer^ replicon 

P—alnap^,^^^ on , for 

m otor, aoa-protHrycic, cel , tvpes t,, " oe used for expression 

. sue. as,. j;^° f «» — - * 

seooences ^ — **» - — • 

W provided in pZid Jecl ^ ^ ^ 

P^o A andpKK2 2 3l I^T" ^ - 

avalable from Pharmacia, Piscmaway. NJ, USA. 
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A typical mammalian cell v/^ t „, , 

~ — j^;rr,r sv4 ° ,att 

expression betag taT . I— of 

< a„ , n 1 ^"""Producing cells, such as COS-1 cell, 

■^p^cf^dj^; vmis ,ong ~ «~ - 

» ^^P 1 ^ vecto, are PRS403-406 and P RS413-4 16 h 
generally available from Strataeen, r, • P RS41 3~416 and are 

USA P, - A tratageneCl0IUD g S y«ems, La Jolla, CA 92037 

Plasmids pRS403, pRS404 nP<un< , «U37, 
, F jvotw, pKS405 and nR Sdn* „ TO v 
Integrating plasmids fYIn^ an n • 3re Yeast 

«. ™. ^rr~r yeas,seiKtabkmartes 

» C a , rromW ep I a 5raids(Y c ps) PRS413 " 416 - *« 

A variety of methods have h«^n h . 

— * ~er::r^^r DNAto 

" inserted to the vector DNA. Toe vector J Z " 
joined by nydrog eo bonding between , » *- 

mafve medtod of ^ fc DNA segmen, to vectors The DNA 
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ba«eri„ph, ge T4 DNA Iigase ^ , h m0kCUleS - «* » 

«* «* eoco^ . Rsk 3 D ° f ' °' M **** — of » 

— - - — Rst - 3 „ ::::tr: ; — w - 

^.tofsaidmuamtpo,™^ °"" <*" «* «" 

• — -I—- JSll^ " * — ' - * 
" mm,UK res P°«= in said paUat. 

P— . or ^ „ ^ |q ^ " — — 
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cells to be transfected so as to co ex nn > ■ 

system, for example liposome, Th Wittl ^ suitable delivery 

■o micros. M Pr ° teffl ' for ««* *» 02- 

" PartCU ' ar,y * te — vaccine is , , 

wto produce, . ee ilu , ar ta^ response J~ d ' — ' 

cell killing bv NK „.„„ ^ 1,1 Cytoxi,: T 

"ng oy NK cells or cytotoxic T celk , rT , . „ 

> ^^tawhicoaciivaieTMperee,, ° f 

— — co^ cirr a 11 my »• - seM • - 

be -M 10 arge, Ce vaccine to specific cei, no " " 

P-nfing cells, enner by 1 £ ^iZ " ^ 
v^rs and oelivery syslems 0 * ~- USe ° f W 

populaoon from * ~* * - 

---~:rrrrarrr M 
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Patiena .0 w h „ m te ^ js t0 „, givra my ^ ^ 

^— s oa ,a tlll e 3 p propriateInuIaMpeptideor mdeicacidc ^ 

u.edm the meftod or vaccine of <he invention. 

5 A **" ^ ° f 1,16 ta ™ ta *-» P^es a vaccine effective 
a8amS,C 7 rOT ^ an effective amoun 

" " — — . inereof 

containing fragment thereof. 

0 

3and - scnence, of mnrana various tinnours or ^ ^ ^ 

- nocieic acitis for ra fc te ^ ^ 
invention usmg melhods weU known in the an. 

^'^^'"^-en^np^,^,,, 

rzr e ;r of admmistera8 ,o *° - — ~ - 

COmPOmi ^ R « ^W* faction, or fce Amotion of 

« for use in «, method of fc 
-boti.es or ta6nKms or varian, hereof wMch , 

T" m ° leCU,eS "** *"* - — Of Rsic-3 U J'Z 
preferred if the inhibitors are on« „*■ u 

of Rsk 3 nr. ■ ^ for * ™* *™ 

oi Ksk-3 present in a cancer rt>u n c ., 

cancer cell. Preferably> ^ 

substantially inhibit Rsk-1 or Rsk-2. 
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, 8 "^8^^ may bo used. 

winch are J" 5 ™' 1 ° r »»*«>»* tea culls 

» * « or ta8mat P :r: r po,y,,ucieotides ~ g 

assays. One may measure fn. De USed for s ^dard binding 

y measure, for example for th* e„~» ■ 

. »« pui Wde „ rc::° f 

examu* to degree „ wh aM "» Vm bemg tetKi , or 

WI^M *«- * Witt oy to 

* prusen, invendon provides ^ . 
coWcon,^^^ ^ of screen^ for dmgs 

complex between the Rs k 3 nnhm . ' W ° f of a 

— - — 01 ftasmeM - a ^ * 

»*3 polypepdde or ftasmenl ^ C ~e uWing ^ ystoe 
implex and the amount of free ft. 3 pr0tem P™ein 

3:%and binding, respectively. " * ilUerfercnce Rsk- 
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Another technique for drug scr eenin 

for compounds having sutahi w 7 *** ° aoa ^ m s ^ening 

= 34/03564, ^ 0 „ a ™«»y WO 

■™bers of differem scaU pepdde ^ ' ^ *"* 

- are reacfcd w J fa ^ ». pepUde 

to to £m « ' , ooa-neudau^ 

» inveotioo also eo,«e mplates ^ . 

in which nearra^ " * C °'~ ** 

■ — » d«e=, ft e presMre of J"""- * e -Wfa caa oe 

'^'""^ofll.tepo^L *"" ° M " m ° re 

«• li- S or ce* ( such , "« " M «*Wfc 
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'« See, eg Hodgson 1991 h „ ^"° n of a Polypeptide to 

- or Jk^'^'^^-Wo, 

*— r^n: ,r w - * * 

15 — « * . po,^ my ^ ' 7 ' regarding fc 

«Mition. peptides (eg R*. 3 7 (&KkS0n " < '»)■ In 

, ^rrjr ~ * - — - 

» ^. ^ Us effee, on fte ' ', ^ "* *— «■ placed by 
- region, J^" ^ * » — * --nine 

» S-dona) assay, and ta t0 ^ * *"* ■»**. by a 

*-«■ * is possible ,„ bvn '^ bK ^ entd ™S**iSncanbe 
1 lds) to a functional, 
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PtomacoIo^fcallyacdveaiKibpdy As , mj . 

•» site o, the anti, ds wou[d ' -» «• «^o r in^, 

»W- recepto, ^ ~ » * - aoalo g „ f to 

peptides ftoffl tefc of ° SMl 10 "towy and isDlUe 

^ which have fere, , 

■** - « w « jrt'. 1 r pK,ved Rst - 3 

■V be made avaiiabIe „ ^ * «* Rsk-3 po,^ 

— h, ^rzc::r^ * - 

prodded he^wujg^ / ^ «*-3 pro teln sequence 



Ce Us and animals which car™ * 

D carry a mutant Rsk-3 all,..* „„„ i 
to study and test for sub "can be as model 

therapeutic agents. The cell, „, h • haVe potemiaJ as 

> ~. Alternatively, the cell lineman ™^hons, either somatic or 
n™*>n in the fo a-3 aDCe, nam* methods ^ ' » «* * 
- — > is applied „ te ce „ s a ° WnU " tea »- Aflcra 
Pi-owe of the „ tte «>«y nnnsfonned 

Wnsformed cells can be assessed ' "* * ""I*'*"'* 
^■^enichyinnnoemice' '"^-independent 
traits are known in the art. 
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weu as * smuyfh>maseco ° d 

<«™P<e<i by tart. or _ geDeCS) ° f * e — * may be 

™*« - * .992; Snoa W ae n „ „ ^J**™ « * >** 
"-"ours must be assessed If*., fflu ™ ,s ' 8™«h of 

- * — . of »e ca nCWS KilT^r**- 
15 products. S C]e for Potential therapeutic 

by -» of Jiposome,, for exarcpfc Alteniali * « 

» Wtata, of fte Hafc-3 e ene Dm n " ^ dlffllSi0n - ^"^"la, 
-versa, of.be saie ^ « - P°«W 

— «* a reversa, Lifl! T *" >* - » 

F»«ber aspects of ft. 
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** **» " a <nnetion,U varia., or „ „. 

and pharnntoendcaHy accept ° r ^ ° r *"*» thereof 

a 8 ene .hempy ^ ^ 
selecdvely hybridises to .he fck 3 ^ * ""^ «<* 

carrier, a ptanMceutical -T liy 
- a tagment or variMt ~ «** 
P^ceobeanyaecep^leca^r. ° f *"» and a 

8 ene toapy wtors „ 
Polypepddes are describe above. *Wfc R*3 

anof pharmacy. Camera ™ «*» known ta 

V* present invention wiu Dw ^ 

.o- M o wtagE ^ les ^ F . ures ^--^-v toref e reoce 

° Fig L Gaaic and pby sical 

». Gen«b„ n nrap and the iT 1 ^ ^ e -* 1 *« * 

- wbicb r r "* PACS 4 ^4, ]68L1 

™». ALO^r " ^ ta ~ S ' *~ Z9804, 

---n„^nre a r wninbo,daMte ^ s - 

*» - «* whieh are * » 

— region of alWe .oss based „„ dala reDO * '° to "** 

* 'B- refers to the wbUsh l ^ «=«*» - 



10 



15 
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^Ts. DislaDce teweeil « » »» W, ™ tos ^ „ 

» ^ = normal 

«"* «els ware exposed ovemislll wia ~ aS —* Ita 

— o f «*. acM jl O rirrr: a, " 7o ° c - « 

'-due. The alig^e,, is ^ „ " "* M ^ *> 

i u ;sr; i~ - — - — h 
iri= , r i --^= , i , = 
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amino-acid substitution from th* 

Fig. 4 (A) Western blot show™ 

«— CK) a. show, on ^ rigb of - ^ J- 

showatg Ert-1 and Erk-2 in ovarii ^ blm 

are McaM by _ ^ ** *«* *» W>- Er*2 <p4 2) 

«. ^ ceu ;^ <c, ^7 

*i™es M 100 og/nu EGP (+/ , a . „ K " S Wre for 15 

15 ^O.lSfoeulcdf serum), '"^^^rum starved for 6 

% 5 M> *• «— kinase assay of p90 Rsk , ■ 

- over*, eiposnre ^ 

■qw— me mean „, results tom Wo J 386 '' » ^ graph 
Tb. a<,so,u,e count siown »"> — * error 

- P» «« as ^rmme* „ FloaL T ~ " P ta * 1 — ' 
» for 12 hours. ( C ) The resuh, I t ^ after 

- - — . coi ^ g ;r 0 r er - ,tes - Heu - 

So P=PtKle by tonanaoprB^iaw 
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P90RA-2 iasixorariancai.ee, lines Tb. 

as a conu-c, was J1M(f For ' ° e mean abso1 ^ com using IgG 
(iogarittanic scale) ta ^ " (D) ** meM **» =onn t 

W^^oneonndanesare nJl^T" ^ < *"* d 
»» exons are numbered. The R sk , ^ " y arrows and Uk 

- <«) m « n^.^ 80 ^^-' 

reference, and this senn.n • ' ^orporated herein by 

^-^^ri;r — — - 

Figure 8 shows exon 2 and flanking int. 
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horizontal arrows. W XOn 5 are marked with 

Figure 13 shows the sequence of n- 

given in the EMBL-GenBank data libraiy under A*c 

1 unoer Accessron No X8510S. 

Figure 14 sW ^ 
■ «P"rffcta.fc Mdl|Hi ' * ^ ""W «*» acid 

^"^ofUtthurnanfct,^ " an<1 ""^ amino acid 

" Fi8UreI6(a)s, ' OWS P«°fd J e G e IlBailldaBh 

sequence of PAC done 427A4 whi „ em,y ** * e h,lmn 
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Figure 16(b) shows part of the G 

Pigure 16(c) shows part ofth 
5 ^ceofPAC clone WJ21. ea ^ *e hur™ 

™e refcHoasiip ^eco fcese ^ 

^"^KqueoceofeacoPAC AC ClonK '^givcn !„ Figure 1. 
«-* Geo Bao* by *" " «->*. ta, for 

" * *— se,oeoce * aPPr ° Priate W ° r,d *• 

™ L clones can be n Ti„ ri „j . 
^uence which contains the entire R sk ^ * °°^ ms 

Figures 16(a), ( bJ and (c) . ' gene " T ^ feature tables in 

* ~n ~ r; e ~ ofpartsoftfaeR5k - 3 -- 

deter.inedbyreferencetotbeK^Tr 115 ~ iS 
aeRsfc-3cDNA sequence in Figure 6. 

Figure 17 is the nucleotide 

Accession No X85I06. * daia ]ibra *y under 

20 Figure 18 shows the wild tvn. 

»« in aese exoos. " """"^ <* mmoor cell 
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chrom 
cancer 

Summary 




to sporadic epithelial ovarian cancer t. 

W iaenrifien OTeral chromo " " - - M. 

» containing genes tha, ■ „ 8 '°° S TOluto S ^n>°»me 6, as 

™g genes that „ug h , comrita 1 » 

of «. ta . WSJ93 * ^ogenesisl. A ^ 

ovarian ■„«,„„„ ta J""' " «» 6n27 in 

- ~ for p*, rihoso^ S6 * 0 ^ 

» ^PPfag and seonenciag ,„ ta ^ _ ' was —"M by 

of serine-^ ^ 50 » U» P90 Rst 

—to and have heen shown <ol T " ^ "» «** 

t— — . n^^eTT^ 

- b ovaria, cancer JTI *"* 
"Wytic activity of p90 R* , ■ , C «"«Mtutive activariop of 

" *" cattcer ce„ llnes wift 
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mutations is shown. These re^u* 

tHUU ovarian raDcer . — h * ^opmem of 

5 A ° «~* -P °f chromosome « q24 . 27 ias _ 

vac nun ff c, YAC ib T ^ '>■ °- 

— . — . ^ 

Simultaneously P ACs ^ • , ' " nd D6S133 " 

fencing and me laaer ta aIready 427A4, were seta* for 

Acc. No Z98049) We orieffla 7 """'^ (EMBL 

~ C 3,1 de,etiM b te « 

- -row again* me BMBL T"" *" PAC «*» 

complete (100%) . 
- -*« me p,o Ribosoma] « kinase! pr „I f ** ^ 

0*. 1). Ite were „ 01her _ J" *" *" » — « «* gee 

■ - fc 3- end ,e, ollKric * ,e '" K, * e 5 ' - cemromeric 
-PPmg of me marker ZTT' " * *" D6S ' 93 ' 
" 1X18195 «- HI. « 



5/15/2008, EAST w Q ■ 

' AbT Ver sion: 2.2.1.0 



WO 99/34015 

PCT/GB98/03887 

-wker D6SU85 w as not availa(jle wh ° 6S297 ^<">^. fc 

- (EST WI 150 78 L ^ " S C ° m,n,Cted - 
5 <0D6S1W. WS751 > nB PPi»Sce n[ ro nKric 

ODNA for ribosomal S6 ktase-3 <Ra t „ . 

- - - genes, ^/T^ ^ " " 
of ^e-roreo^ kimsra ^ ^ «« a ^ ^ 
P™eta of approxim^y 90kDa ,H„ "* " ad Code <° r 

«• d<« <o the ^ Q3 . * ° ° f d ' te " m °° 6q27 and 

° f <>"*■> tumour, the firs, six * * fr ° m « enomi o 

™eea malijaaa, epithelial ovarii M A ""»* <* 

^--o_ere,z:~:r ete - 

alteranons in mobility of bands were in * SlgDiflCant 
p uy exon 1 consistently as 
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* ^ueoce 5- of fc 

public ^ ttm ° f *<= *» ^rred « fem 

«« SE e> were designed to » * **P"*tas „ fc 

™* * of ^ ^ t ^ '" mOUrS ' 

««r 7 oure * * pcr 

XS5T(l« j y (mm]lKr « l according to fek , . », 

X85106) demonsmued significant shlft . * Mt - 3 Acc No. 

*owtog a mo oility m oa *- «■» Mvidua, onnonr 

««M and « re ,„ K „ clones ^ ^ j-J »-* vector 
- identified in ^ n^ wilhin e ™ M — 
1 «* >4 to predict* to reaUt ™ « ^e n™ ours ^ 

g F<wr borderline tumours „f » 
J* ** aneie loss data ^ * «" 

<- coined togedter * no™,, ^ " ' 

8 and 14. I W0 for fa «ons 

-w^-tad-fl, jr ■ en wto «» in 

v and I3? ) "1 exon 8 by SSCP tu 
base substitution at nucleotide 851 W2S a sillgle 

.ethionine to threo nine (ATgIcTJT ^ *" ^ add 
ACG)whlChisa significant mutatio, 
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(Table 1A, Pig. 3B) ^ fc 'YMAPF' -, . 

— » ~ h ri suMomain - * 

methionine was also altered. Two^o^ * umour ^48 where the 
totifleo i„ exona 8 M d 14 , n . s ^ ma ^ were 

- -leoUde 855 (Fig. 3B , tha, ' * ' "* a,terafa * «*«0 a, 

NoneofthesigoiW^^ ^ * ACA-ACG. 

— — DNA from the ^ ^ ^ " *" 

acid aohaflrodons to, were obserj • ' D,aJ °™ 5 ' ° f amb ° 

— _ ^jr w ;:^ h — - — - m 

(Fig 2C). huma * P90 Rsk femily 
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+ ^ + 2 a 
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+ z 
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+ 2 g 
+ 5 g 
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S.No=sampfc Stage, cliaia i 

Ex-p»udv.. xmof ^. 3iA Ad according to RG0 , 

« *= «*• is . pre »i MS , y p,,^ ' S ' 8 " «• Prcn™, „ D6S 

5 — -^.^.^^-^ Nucleotide refers 

TO fc ^ ^ of 

- ovarian ^ was .T* ""^ 

- - for egression of ^ J* — 

specific anti-R^ antibody ' ** 3 * Wes *™ using 
which was infcbiJin ^~*"> ~d p90 

»M wbicb was rela(ively 

» and „g millaioil8 „ * j ™" «W— 

and B*-2 tave ^ V ^ "~ «*■ MAP kinases 
°ave been to 

oomp.^7 and are ac[ivattd P90fok - 3 - «« in a 

3 and i, was desnable ,o ^ „ J^"^ Pm ° f ^ «* 
» *F»»*3 was ^innnnnoprecipiial : t " "* taBM - 

— * «*> after e^L on ^ 

anises both Er k -1 and 2 specifIcal|y * «** ** 

•he cell lines ^ * ™ ^ 2 — P«— C in al, 

» Prior «, sdmuMcn wio, EOF 1 J \ "* »» «« -en 

— .... LtLrs^c 
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P^ed M d,e amibody ^ pM 

tapSORsM was defected in aH a, ^ Iines 8 4 ° 

Two cxperim^B were performed to e Iamine ^ . . 

5 Firs tr cav " yofp9 ° 

analysiswas^denakenof^^^,. . * ^ « 

» a conpooee, of the 40S rftv, (M> P™"" * at 

or toe 40S nbosomal subum|5 ,„ , h . t 

kinase activity 0 f dte p90 few as d,er " ****** '"'^ ° f 
» of ceU J s * 

" cofflpariso,,, ^ ^ * 5A > « ^ condhiom. I„ 

«M, 4,M. OAW28a™ ' " « 

- - fo„ ee,, ^ OAWd, 
*• «— are ,ess dun rwo Mca,™ ' 7 ' ^ aMl PB04 

--^.^aad^rrr^rr^ 

111 th£ f0Uf Ce » OAW42, SKOV3 urm, 

inHnunoprecipitetednPOP^, . PECM * e 
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«** P*r ,„ stimulation wjth 

experiments). I„ conlras . . ,. „ 1 g ' 5C ' from 3 

«M 75, 248) As a conn- I /ta * t 
-o kinase p90 ^ " ' * e «M» of fae refate, 

«" norma, range aad comoan,,,, ' The activity was ta 

"psiream ifaaae ta ^ fe * *» <° Nation of „„ 

MBK. fa mese ce„ I *° *** " 

acdviry was fart """"^ and » «*— of abnorma! 

20 ™ e * — — activation of p90 R sk 3 m f 

P™*W fae examfaata of fc P9 ° Rsk ' 3 ■ *» «* lines 

— ~ „ f ^ J^Lr-" for * 

^aaperfe^^^;™. » « «— I <asbion f„, 

"ere dented fo , ' * * -** of 

- P«adve eacs 2, 3 /"^ Cot^y. m , 

^nrtrefa,^^ . J"? '* WUch "*> ** "nponaat 

-o I , SK ov 3 , a .:L7::i:;:;rr-~. 
— — a.^r:z 
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WW* norma,. Se,^ 

significam cta^ i„ a, ■ H™*™ n™» lions ^ 

3C). No muBdMswered J™~P«'^-3aa btelb , Rg . 
>— *. in te fa C " ' ' « «- *" - «M. 

IX o, fc te ^ " *" " """^ - 1. 



Cell Line 
UCIOI 



OAW42 
SKOV3 

SKOV3 

PEQ4 



Table IB 



Ex 

3 



ex=exon, A. Acid 
del^deletion. 



Mutation 
GGG-TGG 415 
AAG-GAG 454 
ATC-ACC 302 
CAT-CGT 308 
TAC-TGC 1418 
TAC-TTC 437 
TGC-CGC 1459 
del TCG 908-910 



A. Acid 
Gly-Trp 
Lys-Giu 

His-Arg 
Tyr-Cys 

Tv-Phc (conserv; 
Cys-A^ 
Phe & Gly-Cys 



81 
94 
43 
45 
45 

'a(ive) 88 
429 

245,246 



-amino acid, the 



nucleotides refer to the baser 
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The evidence that Rsk-^ ;« tt, 

* — . ~;: ^ — - - • 

foUowfag data. Firetly . ^ ' filing based on the 

«™taihg appro*™*,, JMI JjT h .*" " te ™ 

mm b y worifag m fc J c * *" ta * » Uus 

ftookisunde^,, " a ^ °" «*mids derived 

- . * « wiich ° f ^ ova,,. 

exeats , fc ^ « * * - aopporiad * 

"*> siown tha, i„ fo,,, of . P9 ° Rsk - 3 - cell lioes which 

The missense mutations detected in ™i. ,■ 

- bears homology JT " r "* ^ 

methionine in the ' YMAPE' motif to arginine and rh ^ 
« annate and simitar "» re ~y. 

We MET g e De in hereditary 



5/15/2008, EAST Versi, 



WO TO/34015 

PCT/GB9S/»3S»7 



81 



Papillary carcinom^O „ . 

PW-33. " WMf< — «** - * MI 

- «- in annno ^ JJJ" ~ ™ «*- — 
vm rata, „ role J * *""*» in S u Momaill 

««•. (T43) jg signifiram as ^ ^ ™ ««— of lysine to 

» t*^^ a^^rr sedamino " acid - tus 

is «— I 'o vaUne and ttoo** res4te 
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- -** *-* on own JZVT— ** " 
«» wad typep90 y 5% ° f *• acUviry „f 

5 

" " Stfll ""^ whefaer ErW and ErIt , 

«"» " « *-aaed 

- - acrivaw oy MEK tte d , "* <»° fo « « 

m. am 1181 Specifici, >' Th, 

«> dearly snow to „, 7 ' T <* 

Paa-ay is fa^ prjDr this par, of fc 

***** *1 ^ * BOP. The exac, 

e^erfa™ de,*^ ' " 

action of p90 fok . 3 aM fae oonstitudve 

• idennfien wUch ^ fc ^^"W*— 

"■notional fa^, ^ ™7 VK1 aWdfs Wing p^i,,,,, 

— - * d r„ :r ,s of ^ — - 

* - ^ cafclytie ^ ^ — *— — 

~ - reaped for ?T " " *■ ««- 

observed fa fae ^ ^ te "»<**t canuytic activiry 
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*~i37 lna dditi0fl , mutati0nsin 

ovarian tumours^. Common in malignant 

None of the mutations detected either in 

5 * - mmatfOK ; ^ * - - * - Pr «, fcted 

■ftc. binding to ^ and as rcJat,on 10 acnvity „ r 

3PK, U and Met] m **— M as 

.o ^ co^^Tj ■*» - — * 

» - IU and 3p K ftnher ^ / M " B '™ of ft, raidnK 

- ~* » * possible JZ ^ * - case „ f 

— woUda^H.^,,^^^; ** - ^ a 

This is the first: r«m« * 

'"""and ateearties, ^ ** wa ^ delved i, 

^pad.0,0^,^^ ^ der,me " 

■—. in to p53 gene h ^ h0 " ^ ~ * **• 

- MBT wbicb « ^ „ t^ZZT 

^ve no inactivating 
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I* Rsh-3 in ovarian ^ J™ fi "* e -°<v™™of 

* - - ~. pi x -~ — * 

*ere is now a J' J* * **W of ^ 
» afferent approacli • leas ' ■ ovarian cancer, for a 

Materials and methods 

Tumours and cell hoes 

15 

All the amours were obtained at the f 

ovarian cancer at the John „ ° f »■*■» •» 

P^ry specimens. Noreof J^f ««. UK and were 

of ovarian cancer, Tie DNA was * ^ 

• P«i>oeral blood from ft. " pub)isi "=« - 

^ow„ inconditionsasDr j 11163 ^ USed » this study ^ were 
^ as previously puf>Iished26 

PCR was perfonned acem-Hi™ . 

machine. The S "p7, ^ ~ « 

he SSCP gels were run overnight using Mdetm ^ 



5/15/2008, ejct „ 

' tAbT Version: 2.2.1. 



WO 99/34015 

M fCT*B9»'»3S87 

(How S en) according ,o mannfacurer's „, 

™» Individ JT "* ' 0% 8 '^' - 

bnes by PCR and cloned inj ^ — « - — or „ 

«— » — , * ^r re ::::; pMos B,ue t - vmw * 

by Seqoencaer™ 3.0 software (Gene Ov, ' , 

— were fenced in ^ ^ ^J**-** F ™ - - 
«* PAC library Rp a _ 3 ^ "* ^"^on screening of 

-•~-*rtw RWtaW _ a ' D - ed, °' **■>•*« 

as follows: exon 8 ' pruner fences were 

Forward/Reverse 779ATTTr^ 

- ''---AccAccro^^^cao, & 

Fomard/reverae I3SI f.^ " M 

^COOCATA^r^^ 1 - * 

°* fa «»«» «*- unffl aey were ^ 

™*ing ,he cells once with „h„ k % C °' lf,Ue '"- A «<* 

- * . zt::™™ — - - 

senun **— * « 

of Mk«M. n, ^ 0Fa w>«.ib«i«« B-Illta 

M -ubi ta on fa h , — ** -cold PBS M 

^ I50mM NaCl, ImM EDTA, 0.5 mM 
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EGTA, supplemented with lOug/ml of n . ■ 

-*» onlBvaila(iME J" 1 « ********* fllK)ride 
^msofp^, BLA »«y (Pierce), e^^, 

^re washed three times with Jv*< k « ^^precipitates 
O-M « „ additionj * 1 * - — in 
were washed twice with kinase ^ u * ^ ^^Piexes 



I» order te aM|yse ^ rehtive 

~„ baieqjithclia]ovariM ' *** - Eric-! pr„ Kin 

Hfl»OB were resolved on , 8% SD , ' ""^ ^^ciptaion 

R*-3 uumuoobte or t» h ,„ " " c « «* *> and- 

i-i m the case of fh c 
» Published previoosMS - _ E *-' i™>™>blo G as 

— - ~,o^ ;rr - - — 

* «he respecdve Us ™ ^ ^ 

» ^bodies ustog to HRP conJU8aM 

-* 8 ^ u6cttrer , s : n ^™~ - * (Amersham) 
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p ™ein kinase assays 



^ lysate ft™ te 

*~* — prior „ immu^J ^ «« — * 
5 washed three times with cell .„.- t « ' , ™™«»TOfcx was 
** NaC, « J 1^ b " fe "y *» washes h 

— .,o stirrer B - fe3omM 

10 "* 5 " Ci - Ir-»PJATP (0.5 „ of . J™"* ATP) "**»— 

— were ^ . ^ o WC "— The 

^^orhoiii.^^^^^ „ y 

to*er Ave minute me m . Afterheatmg a. 95 . c fora 

13 (Molecular Dynamic analysis „ ""^ ta»r 
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